A flow-chart is presented depicting atmosphere-ocean coupling, which is initiated by decadal solar variability. Possible mechanisms for Canonic ENSO, Modoki ENSO and Canonic-Modoki ENSO are proposed and their relevance to the decadal variation of Hadley, Walker circulation and mid-latitude jets are discussed. We also show subsequent teleconnections by ENSO for eg., on ISM with a special emphasis on later two decades of the last century. As there is a disruption of the usual ENSO-ISM teleconnection, we discussed on possible mechanism. The role of volcanos and the change in sun-NAO connection were discussed. The regional Hadley circulation, via NAO in the northern hemisphere and Indian Ocean Dipole in the southern hemisphere, may have a role in the change of ISM behaviour.
Introduction.
The El Nino Southern Oscillation (ENSO) is one of the most important tropospheric variability that influences most parts of the globe through teleconnection. It has significant impacts on seasonal precipitation in several places around the world. Different types of ENSO, based on spatial pattern of Tropical Pacific SST, one dominated by variability around East Pacific (EP), known as EP type or Canonical ENSO and the other dominated by variability around Central Pacific (CP), known as CP type or Modoki ENSO, have been discussed in several studies (Trenberth et al., 2002; Larkin and Harrison, 2005; Ashok et al., 2007; Hill et al., 2009; ).
Studies suggest there are differences in global and local influences between ENSO Modoki and Canonical ENSO (Global: Ashok et al., 2007; Weng et al., 2007; Pacific Rim: Weng et al., 2009; South China Sea: Chang et al., 2008; Australia: Brown et al., 2009; Cai and Cowan, 2009; Taschetto and England, 2009; India: Roy and Tedeschi, 2016; . Such studies indicate the importance of understanding the underlying mechanism of these two types of ENSO to improve prediction skill. Kao and Yu (2009) in a review compared these two types of ENSO, regarding of their structure and evolution. They showed EP ENSO is mainly regulated by thermocline shifting, though for CP ENSO, atmospheric forcing plays the dominant role. Thermocline uplifting (deepening down) for LN (EN) is related to oceanic Rossby/ Kelvin wave movement and hence the signature of phase reversal is identified in EP type of ENSO, but CP type occurs more as events or epochs than as a cycle. Yu and Kao (2007) indicated different mechanism for two forms of ENSO. The CP ENSO is phase locked with season with its phase transition (onset, barrier, etc.) happens in spring; while for EP ENSO, though it is mainly regulated by the thermocline shifting, the phase shift and barrier changes decade to decade. Considering different onset times of these two types of ENSO, Kao and Yu (2009) suggested it could be caused by the timing of the mechanisms that trigger those ENSO events. As mentioned, for EP ENSO thermocline shifting is known to be the primary driver (Ashok, 2007; Kao and Yu, 2009 ), but for CP ENSO, there are extratropical connections. Two mechanisms for such extratropical connections are proposed, Equatorial Ocean Advection Theory and Extra-tropical Forcing Theory (Kao and Yu 2009 , Yu and Kim 2011 . Based on the first theory, anomalous SST is grown by the zonal ocean advection along the equatorial Pacific, while using the second, it is first excited by extra-tropical forcing and then developed by the tropical ocean advection. Various studies proposed about a decadal connection of ENSO (Henyi and Deng, (2011), McPhaden et al. (2011) , Meehl et al. (2008 Meehl et al. ( , 2009 ), Roy, I (2014) ). An underlying quasi-decadal variability in the interannual ENSO is detected in several studies (White et al., 2008; Zhang et al., 1997; Zhao et al., 2003; Chen et al 2004) .
The Sun provides the fundamental source of energy for the climate system, but the level of scientific understanding relating to its influences on a climate of the earth is still low. Though regarding terms of energy output, there is only a 0.1 % change from maximum to minimum years of the 11-year cycle (Lean and Rind, 2001) , too negligible to influence climate but studies identified the significant regional impact seasonally which also depend on overall period chosen. Decadal signature of solar variability changes is also detected in various atmospheric and oceanic fields. In terms of atmospheric fields it is detected in tropospheric circulations (Hadley Circulation: Haigh et al. (1999 Haigh et al. ( , 1996 Haigh et al. ( , 2005 ; Walker Circulation: Meehl et al. (2008 Meehl et al. ( , 2009 ); Polar Vortex (Kodera, 2002); Midlatitude Jet (Haigh, 2005; Bronnimann 2006 ) and Intertropical Convergence Zone (ITCZ) (Lee, et al. 2009 ). Decadal signature is also distinguished in various oceanic parameters (thermocline: Zhang et al., (2006) ; North Pacific gyre circulation: Lorenzo et al. (2010) and shallow Meridional Overturning Circulation (MOC) in Pacific: Zhang et al. (2006) ).
The ENSO through teleconnection can influence seasonal precipitation in several places around the world, among which Indian summer monsoon (ISM) is an important one. Studies
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have shown that the El Niño Southern Oscillation (ENSO) strongly modulates the ISM (e.g. Kripalani RH and A Kulkarni 1997; Maity and Kumar, 2006) . Parts of CNE region of India around ITCZ, where the coupling mechanism of atmosphere and ocean via ENSO through the Walker circulation could be communicated strongly was also captured by CMIP5 models and observation ). However, monsoon precipitation and ENSO show a weaker correlation during last few decades of the twentieth century, with the Indian monsoon occurring with normal levels of rainfall despite the occurrence of El Niños (Kumar et al, 1999; Ashok et al., 2001) . Ashok et al. (2001) showed that Indian Ocean Dipole (IOD) and ENSO have complementarily affected the ISM during a similar period. They revealed that when the correlation between ENSO and ISM is little, the relationship between IOD and ISM high and vice versa. Roy and Collins (2015) using observational data of sea level pressure (SLP) showed that the Southern Oscillation (SO) pattern as captured in the ENSO indicates major changes around Australia in the later half of last century. Interestingly, Australia (Darwin), one lobe of SO is also coincidentally one end of IOD. ISM is also strongly modulated by the North Atlantic Oscillation (NAO) (Liu & Yanai, 2001) . The relationship between the temperature of West Eurasia and ISM is stronger, over the same period the relationship between the ENSO and ISM has weakened (Chang et al., 2001) . According to them, as the ENSO ISM relationship has weakened, the possibility for the NAO to influence the ISM through the above mechanism has increased.
The regional monsoon-ENSO relationship is shown having common changing points around the 1970s. There was an enhancement of the relations for the western North Pacific, North American, Northern African, and South American summer monsoons, with a recovery in the late 1990s. But for the Indian summer monsoon, it weakened over the same period (Yim et al. 2013 ). Huang, P. et al. (2013) also recently discussed a changing pattern of monsoon in global warming situation. The observation suggests decreasing trend in precipitation around India (Goswami (2006) , Ramanathan et al. 2005 , Chung et al. 2006 ) contradicting the proposed hypothesis based on thermodynamic scaling (Held and Soden (2006) (Bollasina, 2011) . Observation indicates that the nature of ENSO also changed in last few decades. ENSO Modoki became more frequent and persistent since the 1970s (Ashok and Yamagata, (2009); Yeh et al. (2009) ). Research suggests that the increase of CP ENSO during latter decades of last century could also be due to parts of decadal nature variability (McPhaden 2011) .
In this study, we address some of those important issues as mentioned. We will also discuss various influences on different types of ENSO separately to address on the mechanism and also related teleconnection with the ISM. This paper is structured as follows. Section 2 describes about Methodology and Data and Results are discussed in section 3. The initial part of section 3 focuses on formulating a Flow Chart, proposing mechanisms for various types of ENSO. The second part covers Climate change period and its relevance with ISM. It discusses spatial pattern as well as temporal behaviour. Section 4 mentions about Conclusions.
Methodology and Data.
The first part of the study covers a schematic representation that considers several highly cited research and formulates a flow-chart of steps.
In the later part of this study, the method of Multiple Linear Regression analysis with AR (1) noise model is used. In this methodology, with the components of variability, noise coefficients are calculated simultaneously. It is done in a way that the residual is consistent with a red noise model of order one and thus it is possible to minimise noise being interpreted as a signal.
Finally, using Student's t-test, measures of the significant levels are calculated. This model is developed by Myles Allen, University of Oxford and this methodology was also used in various climate studies. Of late, Roy and Haigh (2010 , 2011 , Roy (2014) and used this methodology to analyse various climate data. Kaplan et al. [1998] is used which is available since 1856 and can also be found at http://climexp.knmi.nl. In the regression, AOD has been used to represent volcanic eruptions and collected from Sato et al. (1993) . It is collected from https://data.giss.nasa.gov/ modelforce/strataer/tau_line.txt and available up to 1999. It is then extended up to 2005 with near zero value. Longer term trend is a rising linear line that represents increasing anthropogenic influence of the 20th century.
For trend analysis, various indices we used are the NAO, SAM, IOD, Nino temperatures (12 and 3.4), EP and CP ENSO, SLP Darwin and Tahiti and regional ISM precipitation. For NAO, DJF value is considered and for the rest, seasonal value of JJA is used. The discriminates for different trend period is used, e.g., 1970, 1976 or 1957 , which are based on following justifications: 1970s is in an abrupt drop in SSTs (Thompson et al. 2010) ; 1976 is the well- known Pacific regime shift (Miller, 1994) ; 1957 could be justified instrumentally as it is termed as International Geophysical Year (IGY) and from that period many other studies started.
Other reasons for justification are also mentioned in the text. This study looked at those independent periods.
The monthly EP and CP indices are calculated ( http://climexp.knmi.nl. For IOD, it is calculated as the difference of SST (ºC) from NOAA ERSST (Smith and Reynolds, 2004) , version 4 (in situ only) from two regions. It is the SST of a region (39° to 81°E, 15°S to 15°N) to that from the region (89° to 101°E, 11°S to 1°N).
To detect significant testing in the trend, we used MannKendall test (Kendall, M. G. (1970) , Myles Hollander and Douglas A. Wolfe (1999)).
Results.

Formulation of Flow Chart -Proposed Mechanism:
Here, I develop a flowchart ( Fig. 1) , depicting a consolidated overview of atmosphere-ocean coupling, supported by highly cited popular research. Initiated by solar cycle decadal variability how atmosphere-ocean coupling is taking place is shown here. We show the major climate variabilities; viz. solar and ENSO with oval outlines; whereas, the major circulations, responsible for modulating the effect of major variabilities by non-rectangular parallelograms.
We show the pathways of the signals by labels that start from 'A', which is initiated by solar variability and the direction of behaviour change during the steps by '+' (for increase) or '-' (for decrease). The flow chart shows the role of the sun and how atmosphere and ocean coupling regulates various types of ENSO, the Canonic ENSO, Modoki ENSO and Canonic-Modoki ENSO. The related teleconnection with ISM is also presented. Dash dotted lines mark the pathways those are affected by climate change.
Two fundamentally different routes for a solar influence on the troposphere have been proposed: one is the 'Top-Down' mechanism (Haigh and co-workers (2005 (Haigh and co-workers ( , 2006 (Haigh and co-workers ( , 1996 ; Baldwin and Dunkerton (2001) and Kodera and Kuroda (2002) ) and the other 'Bottom-Up' mechanism (Meehl et al (2008 (Meehl et al ( , 2009 ). The 'Top-Down' solar influence is generated through the stratosphere; whereas, in the 'Bottom-Up' pathway, the Sun can directly affect SST without stratospheric feedback. Roy, I. (2014) elaborately documented more detailed discussions. Frame and Gray (2009) showed using the observation that there is a warming (cooling) in the lower equatorial stratosphere during solar maximum (minimum) years (A, Fig. 1 ). Haigh and 
Through normal ENSO mechanism, involving deepening of the thermocline (J, K), it intensifies Walker circulation (L). Shifting of the thermocline is then regulated by oceanic Rossby and
Kelvin waves which control the inter-annual nature of ENSO. It is consistent with studies that detected decadal signature in thermocline (Zhang et al., 2006) . Some wind triggering mechanism around tropical Pacific responsible for initiation of Rossby and Kelvin wave are needed, though source being still unclear (Vecchi and Soden, 2007) . The proposed flowchart suggests the sun could be a possible candidate. Roy and Haigh (2010) also captured similar decadal signature in trade wind (I) in an observational analysis.
The proposed pathway (K) matches to that with EP ENSO. Ashok et al. (2007) ; Kao and Yu, (2009) suggested that thermocline shifting is known to be the main driver for EP ENSO. A signature of phase reversal is identified in EP type of ENSO with its major phase transition and barrier was found to change decade to decade (Kao and Yu (2009) ).
Weakening of Ferrel Cell is associated with weakening of Aleutian Low (AL). Christoforou and Hameed (1997) showed that solar variability causes shifting the location of AL alongside creating significant differences in intensity (M). Observational analysis by Roy and Haigh combined feature. Overall, the flow chart is consistent with studies those detected an underlying quasi-decadal variability in the interannual ENSO (White and Liu, 2008; Zhang et al., 1997; Zhao et al., 2003; Chen et al. 2004 ). Henyi and Deng, (2011) indicated that decadal signature of ENSO could be coming down from the Polar Vortex modulating the Arctic Oscillation and precipitation around mid to low latitudes of the northern hemisphere (NH).
ISM represents a large-scale heat source located on the equator at a mean position of about 20-30N (around ITCZ) covering CNE region. The response to such a heat source, following the linear theory suggests that it will be related to regional Hadley circulation as well as Walker circulation (Gill 1980) . The Walker circulation is related to equatorial heat sources and is remotely regulated by tropical Pacific whereas, the local Hadley circulation shows a direct showed how it is initiated, and more discussion related to climate change is covered in the subsequent section.
Labels agreeing various studies/pathways as discussed here (Fig. 1) are listed underneath to improve clarity:
A: Frame and Gray (2009), Haigh (2003) A, B, C, D: Haigh (1996 Haigh ( , 1999 , Haigh et al. (2005) , Brönnimann et al. (2006) E: Kodera and Kuroda (2002) F: Usual mechanism following thermal wind balance.
G: Baldwin and Dunkerton (2001).
H, I: Meehl et al. (2008 Meehl et al. ( , 2009 .
I: Roy and Haigh (2010)
J, K, L: Normal ENSO (inter-annual) mechanism.
K: Kao and Yu (2009); Ashok et al. (2007) M: Christoforou and Hameed (1997) , Roy and Haigh (2010) .
N, P:
Haigh (2003), Frame and Gray (2009) . ENSO Modoki has become more frequent and persistent than Canonic ENSO since the 1970s (Ashok and Yamagata, (2009); Yeh et al. (2009) ). We carried three separate MLR analyses on SLP data: for whole period (Fig. 2a) ; before and after 1970 (Fig. 2b and Fig. 2c respectively). It is for exploring possible mechanism focussing only on DJF. Strong signal around AL is noticed in all plots. Coincidentally, the location of PDO (manifest as SST) and is only present during DJF. For ENSO also, they showed the signal around AL is strongest during DJF; for other seasons it is weak and mostly insignificant. Fig. 2b and Fig. 2c suggest solar signal around central tropical Pacific was different in those two periods. A small but significant decadal signature is present around central Pacific before 1970 (Fig. 2b ) that could play a role in triggering trade wind. Fig. 2a for the whole period however indicates significant signal though weaker than Fig. 2b . Such solar signal on trade wind, responsible for initiating ENSO through indirect dynamical coupling was discussed in details by Roy, (2014) . Instigating oceanic Rossby and Kelvin waves it has a potential in shifting thermocline and subsequently EP ENSO. Such decadal scale signature could be present in addition to the inter-annual variability of EP ENSO that is mainly controlled by oceanic Kelvin and Rossby wave movements. Decadal signature on thermocline is also noted in various studies (Zhang et al., (2006) . It is also consistent with the earlier discussion, (Yu and Kao, 2009 ) who indicated that for EP type, the phase transition and barrier changes decade to decade and it is mainly regulated by thermocline shifting. That solar signature is absent since 1971 (Fig. 2c) and could be one possible cause for dominance of CP ENSO over EP (Ashok and Yamagata, (2009 ENSO and polar modes (e.g. Yeo et al. 2015) . Due to an absence of volcanos in current decades, such connection on ISM via regional Hadley circulation is absent, suggesting it could be one possible cause that correlation between ENSO and ISM is reverted since the late 1990s (Yim et al (2013) ). It is also noted that precipitation has likely increased over the last decade, after reversing the drying trend that happened from the mid of the 1970s to mid of 1990s (IPCC, 2013) .
It is suggested that the increase of CP ENSO during latter decades of last century could be due to parts of decadal nature variability (McPhaden 2011) . It is also supported by Fig. 2 and could be via regional Hadley circulation. Positive NAO pattern for the sun is clearly distinguished in the later period (Fig. 2c) , which is different during an earlier period (Fig. 2b) . Bjerknes (1966) showed that the major warming along the central and equatorial Pacific during boreal winter is often accompanied by an anomalous strength of the midlatitude westerlies.
There is a two-sided interaction. The anomalously great heat from the equatorial ocean to the 
Time series Analysis
The ISM-ENSO relationship is found to have common changing points in the 1970s. Though weakened since then showed a recovery in the late 1990s (Yim et al (2013) ). An analysis for the whole of the record. We could not identify decreasing trend of ISM (IPCC, 2013) in the arbitrary chosen regional ISM rainfall. It could be due to a precise location of CNE India, covering the ITCZ that only showed the decreasing trend in a spatial pattern (Bollasina et al. (2011) and Goswami (2006) trend is noticed for SLP Darwin and IOD (Fig. 4(i) ). Hence, we analyse it further in Fig 4(ii) considering shorter record demarcating that 20 years period.
We presented time series of few other parameters that we thought might be linked to those .
CP ENSO suggested a clear upward trend (11 % per decade, increased significantly; for whole period it is 1.4%) which is consistent with the observation that ENSO Modoki became more familiar since the 1970s up to late 1990s. It is in agreement with rising trend of NAO (+15% per decade, whole 1.3%). The connection between CP ENSO and NAO, both suggest increasing trend, agrees with the proposed mechanism of Bjerknes (Bjerknes (1966) as discussed earlier). Annular modes in NH have exhibited pronounced trends toward high-index polarity also documented by Hurrell (1995) and Thompson et al. (2000) . The EP ENSO, on the other hand, shows a decreasing trend (-11% per decade, but not significant; whole 0.4 %).
The influence of ENSO Modoki on Southern Hemisphere storm track activity during JJASO (June-July-August-September-October) was discussed by . It showed El Niño Modoki introduces a blocking over central eastern Australia which subsequently suppresses the regional storm track activity. Following an increase of ENSO Modoki since the 1970s, it would undoubtedly suggest a rise in SLP around Darwin, Australia as also noticed Fig. 4 (ii) (trend = +15% per decade, whole 3.8%). Roy and Collins (2015) also noticed that Hadley circulation also play dominant roles, apart from other local influences. All those forcing acts in a complex non-linear manner to produce the actual response on ISM and hence no clear trend is noticed.
The response relating to Hadley cell and upper air midlatitude westerlies can be explained by the mechanism proposed by Bjerknes (Bjerknes (1966) ) and is expected to be strongest in the winter hemisphere due to greater baroclinicity. Hence, it is also captured in the strength of SAM. The ENSO Modoki which is dominant since the 1970s, though suppresses rainfall over India but enhances over North and South America. Rainfall in central Argentina is also increased owing to the strengthened upper air westerlies ). Amita et al. (2015) studied trends in SAM during1949-2013 and found that the data from post-1982 does not show significant long-term trends. It is because of opposing nature of the strength of westerlies around the whole of the mid-latitude to that from Darwin of Australia. That could be one responsible factor to suggest null results for SAM trend when considered in zonal sense. It is consistent with the current analysis as we also could not identify a significant rising trend for SAM (trend is only -8% per decade and insignificant) during that period (whole trend is +2%).
From the last 100 years of Darwin's mean sea-level pressure record of last century, Trenberth and Hoar (1996) reported that the Darwin pressure has tended to be above its long-term normal since 1977 and suggested it might be due to the influence of the enhanced greenhouse effect on the climate system. However, contrary to that, Harrison and Larkin (1997) indicated about the impact of natural variability on the tropical Pacific.
All these studies suggest, local N-S Hadley circulation, as manifest as NAO in the NH and IOD in SH may have played a role in modulating ISM in later decades of last century.
Discussion.
We present a flow chart depicting atmosphere and ocean coupling. Based on highly cited popular research, possible mechanisms for Canonic ENSO, Modoki ENSO and CanonicModoki ENSO are proposed. Initiated by decadal solar variability how tropospheric circulations (Hadley and Walker circulation) and mid-latitude jets are influenced are discussed. Such flow chart will help to improve our understanding about different types of ENSO in temporal as well as spatial scale. It will also benefit the modelling group to improve the representation of the ENSO in models. The subsequent teleconnections by ENSO for eg., on ISM, is also presented. Focusing on later two decades of the last century, we discuss how such teleconnection could have disrupted. During that period, the role of explosive volcanos and that of the sun both triggered positive phase of the NAO, which could be one of the several factors for possible disruption. We also show there is a significant rising trend for CP ENSO, NAO and SLP around Darwin of Australia. The overall study also addresses how local N-S Hadley circulation, as manifests as NAO in the NH and IOD in the SH could have played a role in modulating ISM in later decades of the twentieth century.
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